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Abstract 

We apply the supergraph with spurion technique to compute the renormalization of one-loop diagrams 
that contributes to electron and selectron self energies in a softly broken Supersymmetric Quantum 
Electrodynamics (SQED). In particular, we calculate the one-loop gauge superfield contribution to 
the two-point function. 
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1 Introduction 



Supersymmetric theories have been always been famous for their extraordinary renormailzation prop- 
erties. One of them being the absence of quadratic divergences. It is this property that has led to the 
development of the Minimal Supersymmetric Standard Model (MSSM). 

It is known for a long time that if supersymmetry is realized in nature it must be broken because no 
super multiplet has been observed. Models of spontaneously broken supersymmetry were constructed 
[1] and their renormalization was studied extensively [2,3]. 

Gauge theories with softly broken supersymmetry have been widely studied. Almost all of the 
parameters of the Minimal Supersymmetric Standard Model (MSSM) encode possible ways in which 
supersymmetry is broken in a soft way, while preserving the gauge symmetries of the MSSM. To 
break supersymmetry without destroying the renormalization properties of globally supersymmetric 
theories, in particular the non-renormalization theorems and the cancellation of quadratic divergencies, 
one has to introduce soft terms. The soft parameters have essentially been classified in by Girardello 
and Grisaru [4]. These authors gave a list of possible soft breaking term with the new logarithmic 
divergences they generate: They are either gaugino masses, Hermitian and complex mass matrices for 
the complex scalars or three-linear scalar couplings. These masses can either be introduced on the 
component level of the supersymmetric theory, or described by spurion insertions, 9 2 and 9 2 . The 
latter approach is very powerful because it leaves most of the supersymmetric structure intact. In this 
paper, we describe supersymmetry breaking terms in a way that takes most advantage of the special 
properties of supersymmetric theories. 

In previous publication [5] we investigated the effective action of (softly) broken supersymmetric 
theories at the one loop level. We focused on the renormalization of soft parameters in a softly 
broken supersymmetric models. Since our one loop expressions for Kahler potential and for the soft 
parameters are complicated, it is not easy to extract the renormalization information such as the wave 
function renormalization Z and masses renormalization Z m . In this paper we perform supergraph 
computations of the one-loop diagrams that contributes to electron and selectron self energies in 
globally softly broken Supersymmetric Quantum Electrodynamics (SQED) from which one can read 
off these renrmalization constants. We employ again the standard supergraph techniques that can be 
found in the textbooks [6,7], and use spurions 9 2 and 9 2 to parameterize soft supersymmetry breaking 
terms. We find that our one-loop result generates divergent terms involving spurions 6 2 and 9 2 [4,8,9], 
which we removed by Yamada spurion dependent field redefinition [9]. We follow the conventional of 
textbook by Wess and Bagger [10]. 

The plan of the paper is as follows: In sections [2] and [3] we introduce the classical action of the 
extended model of the SQED including the soft supersymmetry breaking and calculate the associated 
superpropagators. The computation of the one-loop diagrams that contributes to electron and selec- 
tron is performed in section [H In subsection 14.11 we first consider the one loop self energy due to 
the soft selectron mass insertions, becuase it easier than the ones that result from soft photino mass 
insertions. Its contribution is described in details in 14.21 In both cases we find that the divergent part 
of the wave function renormalization is independent of the soft breaking, and is the same for selectron 
and the electron. In section (5J we introduce counter terms that are needed to cancel divergences we 



3 Our conventions for Gamma matrices are slightly different from those of [10]: 7 
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encountered in these examples. 

Finally, there are two appendices. Appendix |Aj gives some relations which we used in 14.21 to 
simplify spurion operators when they are sandwiched between two superspace delta functions 621 = 
5 4 (x2 — xi)5 4 (02 — 9\) , as naturally happens in the evaluation one loop supergraphs. Appendix iBl 
describes the regularization by dimensional reduction of the divergent integrals we encountered in 
section |H 

2 Super Quantum Electrodynamics 

In this section we consider globally Super Quantum Electrodynamics with soft supersymmetry break- 
ing interactions. The theory of Super Quantum Electrodynamics consists of two oppositely charged 
chiral multiplets $ + = (99+, ip+, F + ) and <!>_ = (</?_, tp-, F_) under a U(l) gauge symmetry of which 
V = (Am, X a ,X a , V) is the vector superfield. 

The components of these superfields for the vector multiplet V in the Wess-Zumino gauge and the 
chiral multiplets $± are identified by (The vertical bar | at the end of an expression indicates that we 
have set all 9 a = 9 a = .) 

D 2 - D 2 - , 

<P± = $±| , <P± = *±| , *± = 3^ $ ±l > F ± = Z^ $ ±l ' 

r± = -^*±| , $t = ~^±\ , A a = - l -D a D 2 V\ , Xa = l -D & D 2 V\ , 

<„A m = -l[D a ,D a ]V\, D 2 D 2 V\ = 8(V + id m A m ) . (1) 

Here (T>,F±) are auxiliary scalar fields, 9?+ and <p— are respectively left-handed and right-handed 
selection fiddfl and A m is a real vector field, the photon. The complex Weyl spinors (ijj'^.,ip'^ z ) and 
(X a , A a ) are combined to form one massive Dirac spinor, the electron and a photino Majorana spinor 
respectively (see ([?]))■ 

The supersymmetric action for the SQED theory is given by 

Ssusy = f d 8 z ($+ e +2eV <$>+ + e~ 2eV *-)+{f d 6 z (m + \ w a W a ) + h.c.} , (2) 

where we use the full and chiral superspace measures, d s z = d 4 x d 4 9 and d 6 z = d 4 x d 2 9 , respectively, 
m is the mass of the electron superfield and e is the U(l) charge. In this action we have introduced 
the Abelian superfield strength 

W a = -- A T?D a V , (3) 

with the components 

W a \ = -i\ a , DpW a \ = - i(a mn e) Pa F mn - e^V , D 2 W a \= - 4a^ m A d , 

W & \ = iX a , D p W a \ = - i(ea mn )p a F mn - £$& V , D 2 W a \ = - 4<9 m A c V™ . (4) 
4 The notations ip+ = <pl, and ifi- = ip* R are current in the literature, but not always convenient in displaying equations. 
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A Fayet-Iliopoulos term can be included, but we have not done so here. 

To include soft supersymmetry breaking interactions we extend this theory by including the fol- 
lowing soft action 



Ssoft = J d 6 z# 2 (M 2 $+$_ + X -m^ W a W^ + h.c. 



(5) 



where M is a complex scalar mass, and is the photino mass. The factor in front of the photino 
mass has been chosen such that the normalization of the kinetic term of the gaugino is taken into 
account. 

The component form of the full SQED action, after eliminating the auxiliary fields (T>,F±) and 
their complex congugates reads 



S 



full 



5susy ~\~ S'soft 



d 4 x 



--F F r 

^ mn ± 



2 7 



17 



d m f± T ieA m (p± -ty D [fy - ie4 + m)^ D 
1 



m (<p+<p+ + <p-<p-) +M (ip+<p- + <p + <p~) - -e (<p+<p+ - <p-<p-) 



-iV2e ((p+^dPri + ip + jP L ^ D - (p-^Pr^d - tp_-9f D P R jj , (6) 

where the notation ± indicates that we sum over + and — . In this expression, we have introduced 
the electron Dirac spinor and the photino Majorana spinor 
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Pl = ^(14 + 75) , Pr = ^(U-Ts) • (?) 



3 The Superpropagators 

After the strictly classical discussion we now turn towards the quantization of the theory using path 
integral methods. To this end we need to determine the propagators of the superfields <!>+, $>_, V by 
coupling them to the sources J+, J_, Jy respectively. Because of the super gauge invariance the kinetic 
operator of the vector multiplet is not invertible. This requires gauge fixing and the introduction of 
the corresponding supersymmetric Fadeev-Popov ghosts C, C, C, C (see e.g. [6,7]). Since the gauge 
superfields appear in the same way as in the supersymmetry preserving theory, we use the gauge fixing 
action [11] (see also [12]) 

r 7)2 
Sg.f. = - d 8 zOe , G = V2—V (8) 

as if supersymmetry is unbroken. This implies that the FP-ghost sector is the same as in the super- 
symmetric theory in the Feynman-'t Hooft gauge [11,12]. 
By using the vector notation 

* = , !=(*+¥_), J = , J = (J+ J-) , (9) 
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for the electron superfields and the chiral sources, we can write the quadratic chiral and vector super- 
fields action after gauge fixing as 



Squad = J d 8 z{<t>P + <t> + (i$ T 



m P_ + M 2 T). 



D 2 , ™ D 2 



$ + J T — - — $ + h.c. 



-4D -4D 



- v(n - n 1 / 2 Vv - n 1 / 2 ^ - j v V} . (10) 
Here we have made use of the chiral projection operators 



D 2 D 2 D 2 D 2 , . 

P+ = , P- = , (11) 

+ 16 a ' 16 □ y ' 



and spurion operators 



„•> ^9 D a 6 2 D 2 D a D a 6 2 D 2 D° l , . 

t, ± = P ± 2 P ± , f? ± = P ± fl 2 P ± , w = 8d1/2 , fjv = ° 8al/2 ■ (12) 

Furthermore, we have used the fact that P+ <5 = <£, P_ $ = $ to rewrite the integral as a full 
superspace integral. From the quadratic superfield actions (fTUI) we determine the propagators for 
chiral and vector superfields. 

We begin with the chiral multiplet. The propagators of chiral multiplet are obtained from the 
action ()10p by rewriting the quadratic action for the chiral superfields as 

= [ d 8 ,fi NT m A- 1 ( 1) + (J J T ) 



using the field redefinitions 



-2 



D" — —t D 2 
<5> T = — * , $ = — * . (14) 
-4 -4 



Here the superscripts T denotes transposition, ^(^) is (anti-)chiral, and the quadratic operator A 1 
is given by 



(m+M 2 6 2 )^ UP. 
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The path integral can be evaluated in the usual way and we find that the functional integral 

Z (J,J) = J V$V$e iS * = exp{ - % - J d 8 z (7 J T ) A J j . (16) 

To proceed we must invert A -1 . We note that the quadratic operator A -1 can be decomposed into a 
standard free part P and perturbation L 

'(m + M 2 e 2 )^ 

(m+M 2 2 )^ 
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After a long and tedious computation, the inverse of A 1 can be cast into the form: 

/ \ 1 (C P+\ M 2 (A + C A+\ 

A = P (t - (LP) ) (t - LP) = — -^i +7 ^ — T7i\ ,(18) 

where the matrices A+, A-, C and C are given by 

M 2 / \ / -\ D 2 

A + = mr] + + mf) + H ^ ( □ i] + fj + + m 2 fj + r/ + ) , C = [ m + M 2 9 ) — — ■ , 

□ — m z \ J \ J 4 □ , x 

M 2 / , x „ , ^„ 9 xZ> 2 [ } 



A- = mr]- + m?7_ H -YlIti -n + m 2 ri^Tn\ , C = (m + M 2 6 2 

□ — m z V / V 



4D 



Notice that A. = A% and that C = C 1 " . Inserting ([18]) into (pU) we obtain the full propagator with 
the spurion supersymmetry breaking [13] 



Ud 8 z{j J T )A( J J = -- I d 8 2(J ± A ¥±$± J ± - J±A $±<I>± J ± + h.c.) . (20) 



The notation ± indicates that we sum over + and — . Prom this expression, we can read off the 
propagators: 

1 M 2 r O "9 M 2 /13 2 o -1 D 2 -o\ ) 

a^ 4 = 5 + 7 ^ — _ i m # 2 + m # 2 + _( —e 2 e 2 — + m 2 e 2 e 2 )\ 



m L> 2 A/ 2 r L> 2 - 2 2 D 2 

k *±*± ~ D _ m 2Z4H + (□_ m 2)2_ M 4\Z4^ +m Zi5 



mM 2 -o /D 2 9 n oD 



□ — 



{-/ + e -±)}- ( 21 ) 



For the vector multiplets we can perform a very similar analysis to compute the inverse of the 
kinetic operator Ay. Writting the quadratic vector superfield action from (|1(J|) in terms of projection 
operator Py = 1 — ly we find that 

S v = - j d^yjA" 1 - J V }V , (22) 
with the quadratic operator Ay 1 and the identity matrix ly given by 

A" 1 = □ P V + (a ly - TTfcy D 1/2 7] V - 771^ a 1 / 2 Tjy\ , ly = TJyfyy + fj V 7] V . (23) 

The path integral can be carried out and gives 

Z V (J) = jwe iSv = exp{^Jd 8 zJ v A v J v }. (24) 
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Figure 1: This picture gives our drawing conventions for the propagators which we employ throughout this 
paper. The first two diagrams correspond to the chiral propagators defined in (|21[) : The first one represents 
Ay $ and the second one A$ ± $ ± . The latter refer to the vector propagator given in (p?5]l . 

The vectorfield superpropagator can be read off directly from ([23]) and reads^l 



Ay = - + , 2 , t v + , 2 , (a 1/2 w+ a 1/2 



In figure [JJ we have collected our graphical representation for these propagators. 

4 Examples 

As a quick application of our result, in this section we compute the one- loop chiral multiplet self-energy 
depicted in figure [2j in the presence of soft breaking terms. The classical action and the propagators 
were given in section [2] and [3] Here we write the vertices, after that we evaluate the Feynman graphs 
that lead to corrections of the gauge superfield contribution to the two-point <E><3?-vertices. These 
contributions com.6 from th.6 following part of S SUS y 



S susy D J d s z [2e$TV<5> + 2e z $V'<S>) . (26) 
Here we have introduced the charge operator for the electron T 

4.1 Self Energy due to Selectron Mass 

We present examples of calculations of self-energy supergraph depicted in figure [2JA. For simplicity, 
the soft breaking term S so ft is restricted to selectron mass term M. 

The relevant 2e& V § interaction term is given in (126p . and corresponding propagators are given 
by (]2ip and (|25p . but with = . To calculate this self energy graph the <£>, $ and V superfields are 
replaced by the corresponding functional derivatives with respect to sources that act on the exponential 
of the propagators ([20]) and ([23]) . After functional derivations, the expression for the supergraph figure 
[2ja reads 

iT A (m^ = 0) = - e 2 J (d 8 z)i 2 34 $2 $1 $31 (A $¥ ) 3 $32 $41 (Ay) 4 $42 , (28) 



5 We take this opportunity to point out that the term ^ s (1 — 1„) is missing in the expression for the vector 
propagator eq.(58) in [5]. 
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where A^, is given by (f20|) . and Ay = ^. Because (except for Jy) all these sources are chiral, the 
functional differentiation w.r.t. them leads to chiral delta function in superspace: = 
Integrating over z 3 = (x, 6)3 and Z4 = (x, 6)4 



\D 2 5 l2 . 



J d 8 z 3 F(z 3 )5 31 = F( Zl ) , J d 8 z i F(z i )5 41 = F{ Zl ) , 



(29) 



we are left with 
iFAim^ = 0) = 



e 2 / (d 8 z)i2 $2 $1 



J DfD 2 

□ — m 2 16 



+ 



M 2 



(□ - m 2 ) 2 - M 4 L 



D \2D u 
m — - a — - + n.c. 

-4 -4 



+ 



□ — m 2 



D\ 2 - 2 D 2 ^ D 2 D 2 e 2 6 2 D 2 D 2 



m 



Using the relations 



D 2 D 2 D 2 



16 



16D D 2 , D 2 6 2 = -4 + 4 6 a D a + 9 2 D 2 , L> V = -4 - 4 6 a D dl + 6» 2 L>" , (31) 



i 612 7=T' 
J 1 Di 



12 • 



(30) 



in. 1 fl2 7-v 2 



and the fact that supergraphs are only non-vanishing if they involve an equal number of super covariant 
derivatives D and D, and of each of them at least two 



/' 



(d 8 z) 12 A 2 5 12 [BD 2 D 2 } 2 5 12 = 16 / (d 8 z) 12 A 2 5 12 B 2 5 12 , 



we find that the supergraph, figure [2 A, becomes the following scalar integral 



(32) 



iT\(nij = 0) 



e 2 / (d 8 z) 12 $2 $1 



□ — m 



+ 



M 2 



L(D - m 2 ) 2 - M 4 (□-m 2 ) 2 -M 4 



m0 2 + m9 2 



+ 



M 1 



□ — m 2 



6 2 6 2 (a + m 1 ) + 2i6 a 9 a a™ a d n 



\Sl2 — < 
1 J □! 



12 



(33) 



As the integral over momentum space is symmetric under p — > —p, this means that after going to 
momentum space, the last term of (j33|) will not contributes, and hence we will set to zero now. The 
final step in evaluation of this diagram in the coordinate space representation is to make the expression 
local in the Grassmann variables. By integrating over 6 2 



J(d 8 z) 12 A 2 5 12 B 2 5 l2 = J(d 4 x) 12 d%A 2 5f 2 B 2 5 4 12 
we find the following expression for (|33p 



(34) 



iTx{ni^ = 0) 



e 2 /(d 4 x)i2d 4 0$(x 2 ,fl)$(xi, 



□ — m 



+ 



M 2 



L (□ - m 2 ) 2 — M A (□ - m 2 ) 2 - M 4 



m 1 



+m 6 2 + M 



□ — m 2 



A 4 —/> 4 



(35) 



Since the expression only contains 9±, it is local in 8\ and we simply dropped the subscript "1" on 
8. In this expression 8 2 i = S 4 (x 2 — x±) denotes the four dimensional space time delta function, and 
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the subscript 1 on the square bracket [. . .] denote that the corresponding expression is defined in 
superspace coordinate system 1. The final result in momentum space reads 



iTx{m~ = 0) 



d 4 p 
(4^)4 



$(p,0)E(p;M)$(-p,' 



(36) 



from which the electron superfields self-energy E(p; 0, 9) can be read off 

d A q 1 1 



£(p;M) 



(2tt) 4 [{q + p/2) 2 + m 2 ] 2 — M 4 (q — p/2) 2 

m 2 M 4 



(g+p/2) 2 + m 2 



- M 2 m(9 2 + 2 ) - 9 2 9 2 ( M 4 - 2 



(g+p/2) 2 +m 2 



(37) 



This integral (|37p is divergent and therefore need to be regularized. 

The component form of the diagram (]35[) before eliminating the auxiliary fields F± and their 
complex conjugates F± reads 



irA(ni~; = 0) 



d 4 xi 2 { ($±(x 2 )n<p ± (xi) - i^ ± (x 2 )a m d m ^{ Xl ) + F±(x 2 )F±( Xl )) 



□ — m 2 



(□ — m 2 ) 2 — M 4 



+ (F ± (x 2 )^±(a:i) + <^±(^2)-^±(a;i) 



mM 2 



- m 2 ) 2 - M 4 



+^ ± (x 2 )^±(xi) 



□ + m 2 



M 4 



□ - ?n 2 (□ - m 2 ) 2 - M 4 



l J 12 Di 



(>12 



(38) 



As it stands this expression (|38|) is logarithmically divergent and requires regularization. We have 
chosen to use dimensional reduction [14, 15]. In appendix [B] we have collected the one loop integrals 
calculated in this scheme. Using the standard scalar integrals J 2 and J3 defined in appendix [B] (see 
IB.12p . we obtain 



r A (m^ = 0) = - X -e 2 J ■^{[F ± (p)F ± (-p)-^ ± (p)p 2 ^ ± (-p)-i^ D (p)^ D (-p^Jdx\J 2 ( 



+Mm%)\ + \F±{p)<p±(-p) + <p±(p)F±{-p) +M z l p±(p)ip±(-p)) dx\J 2 {m l _) 



l-x 



■J 2 (4)]+4m 2 M 2 ^(p)^(-p) Jdx J dy[j 3 (M 2 ) - J 3 (M 2 )] } . 



(39) 







In this expression we have combined the two Weyl spinors tp± into a charged Dirac spinor ([7]), the 
electron. The masses fh± and M± are defined by 



m\ = x(l — x)p 2 + x m\ , M± = rn±y + m 2 (l — x — y) + x(l — x)p 2 



(40) 



S 




A B 



Figure 2: One-loop diagrams contributing to electron and selectron self energies. 

with m| = m 2 ± M 2 . From the the one-loop result given in (|39|) the wave function renormalization 
for the electron and its superpartner the selectron can be obtained from the divergent integral: 

— dx J 2 (m 2 _) + J 2 {m 2 + ) = -rr^- + T7n "2 + ln— ^ + ^ In . 41 

2 J I J 1d7t e 16^ L [i z p l m± J 

o 

where -= = le — + ln(47r). From this expression, we can read off the wave function renormalization 
for the electron [16] and selectron 

Z i = W = = ^(^l^i) • ^ 

l 

As for the divergences arising from the integrals J dx{J2{fh 2 _) — J2{fhV)] cancel each other, and hence 

o 

the second and third line of ()39[) are finite renormalizations for the selectron soft mass M. 

This computation confirm that the divergent part of the wave function renormalization is indepen- 
dent of the soft breaking, and is the same for selectron and the electron. A consistency check on this 
result is obtained when one considers the well-known one beta functions [17-21] (for results including 
two loop beta functions see [9, 22]) for the parameters M and m, if we restrict to renormalizable 
models. In our previous paper [5], we obtain these beta functions by computing the renormalization 
of the parameters M and m, and found exact agreement. The absence of one-loop corrections to the 
electron mass m is a result of the well known non-renormalization theorem for the superpotential 
f d 6 z(m$+$_ + h.c.) [23] (see also [24-26]). Due to the non-renormalization, one also obtained the 
electron mass m is renormalized via the wave function renormalization Z\ like 

vn = Z^ x m R , (43) 

where thr is the renormalized mass (For detais see the texbook [27]). 



4.2 Self Energy due to Photino Mass 

We compute the one-loop self energy corrections due to the soft photino mass insertions depicted 
[2j We first consider the supergraph figure EJA. After functional derivations, the expression for the 
supergraph figure reads 



ir A (M = 0) 



Z)i2 $2$1 



A 



D^D 
~16 



<5i2 (Ay)i <5 



12 



(44) 
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where A^ $ and Ay are respectively given by (f20|) and (f25j) . but with selectron mass M = 0. To 

reduce this integral to a scalar integral we partially integrate the D 2 D 2 that acts on the first 621, to 
obtain 



iT A (M = 0) 



e 

16 



d 8 zi 2 0> 2 {a> 1 (A^) 1 5 12 [ J D 2 J D 2 ] 1 + (D 2 D 2 ^>) 1 (A^) 1 5 12 



+2(D ci Z) 2 $) 1 (A ¥<I) ) 1( 5i 2 L>i - 2(D Q $)i(A ¥$ )i S 12 [D l D a ] x 
-4p^ Q $) 1 (A ¥<I) ) 1 5 12 [D <i J D Q ] 1 + ( J D 2 $) 1 (A ¥(E) ) 1 5 12 ^}(A y ) 1 5 12 . (45) 

Observe here that after partial integrating the D D 2 that acts on the first <5 2 i, the spurion operators 
ly and rjv (which are hidden in vector superpropagator Ay) find themselves surrounded by two 
superspace delta functions <5 2 y By integrating over the full double superspace, we obtained the 
identities given in appendix EJ Using these identities (|A.1HA.7|) . the last term of (|45p vanishes, 
and we find that remaining terms becomes the following scalar integral 



iT A (M = 0) 



d 4 xi 2 d 4 #$ 2 $ 



1 



1 



(□ — m?)i □! 



1 



m 2 ~D^6P- 

(□ — m z )i 



12 



1 



□ (□ - mi) 



+ m^DpD 2 ®! (-6? - -0 V m~ f 



1 



□ (□ - mi) 



m^{D p D^) 1 {u ^ m2) ^ l2 



□ (□ - mt 



d m d n 



^77 D 2( D _ m 2) 



+ 2m. 



^(□$)i(6 



+ 9 Z - 29 2 9 2 m~ 





1 


) (a _ m 2)/i2 


[□(□ -m 2 ~)\ 



°12 ) 



(46) 



where we have discarded the terms containing d m because they are antisymmetric under d m — ► 5 m . 

Next we turn to supergraph figure [2jB . The two-point vertex 2e 2 <E>V 2 <l? that give rise to that 
supergraph is obtained from (|26|) . Using standard supergraphs techniques we find that the supergraph 
figure 0B, becomes the following scalar integral 



iT B = e 2 / (d 8 z)i 2 $1 $1 621 (Ay) 2 821 



(47) 



with the vector superfield propagator given in ([25]) . Upon using DPI in appendix lAl the supergraph 
(|47p becomes the following scalar integral 



e 2 I d 4 xi 2 d 4 <9 $1 $1 



□ (□-mi) 



? 2 + e 2 ) -4 



2 



a2 n2 



□ (□-mi) 



4. (48) 
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By combining these results (|46p and ([48 p . and computing the component action, we find 

ir m = ir A (M = o) + ir B 

= - e 2 J d 4 j;i 2 | (i ? ±(x 2 )i ? ±(x 1 ) + <p±(x 2 )^(p±(x 1 ) - iil) ± (x 1 )a m d m 'i() ± (x 2 ) 



1 



(□-m 2 )i 12 Di 
+i 5 V>± (x 2 )a m <9 m V>± (xi ) 



#27^12 + "4 (2F ± (x 2 )F ± (x 1 ) + 2^±(x 2 )D ¥ .±(x 1 ) 



(□-m 2 )i 12 



□ (□ - m|) 



5f 2 - m 2 (2^ ± (x 2 )d m d n <p ± (x 1 ) 





u m u n 




-□ 2 (D - to|). 



c 1 

, d 12 



2m~ (F±(xi)ip±(x 1 ) + tp±(xi)F±(xi) - 2m^ip ± (xi) ip±(xi))5\ 2 



□ (□ - m±) 



(49) 



This expression can be evaluated further using the same Fourier transforms and Wick rotations as 
employed for diagram T^m^ = 0), and find 



full 



2 f dA P IV 



(4vr) 4 



| \F±(p)F±(-p) - <p±(p)p 2 (f±(-p) + i^ D {p)i>^D{-p))L{p 



2 2\ 

- ,m 



m 2 j2F ± (p)F±(-p) -2<p±{p)p 2 <p±{-p) - ib^ D {p)i>^ D {-p) L(p 2 ,M 2 ) 



+ m 2 ~ (2p±(p)p m p n ip±(-p) +iil> D (p)l m p n i>D{-p) + m)L nm (p 2 ,M ) 
-2m^ \ F±{p)<p±{-p) + <fi±(p)F±(-p) -2m7y<p±(p)(p±(-p)^ /(m 2 )} . 



(50) 



The integrals I(m~) , and L(p ,m ) are divergent, whereas L(p ,M ) and L nm (p , A4 ) are finite. 
We have evaluated these integrals in appendix [Bl (see (jB. 12[) . (|F3.24|) . (|B.24|) and (|B.25P ) respectively, 
with 



m 



M' 



x(l — x)p 2 + xm 2 , M 2 = y(l — y)p 2 + to 2 (1 — x — y) + m 2 y , (51) 
m 2 y + to~(1 — x — y) . (52) 



From this result we can determine the renormalized quantities and a number of additional finite terms 
that are second order in the coupling constant e . The wave function renormalization Z\ is obtained 
from the integral L(p 2 , to 2 ): 



L(p 2 ,m 2 ) =^~ 2e ldxJ 2 (m 2 ) 



ri m 2 p 2 + m 2 , p 2 + to 2-1 
- + 2 — In — T k m tt— 

€ /X z p z TO 



16vr 2 



(53) 
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from which we read off the wave function renormalization Z\ 

z > = --*{ 1 -mn)< (54) 

that is consistent with (|42p . Because of the non-renormalization theorem, we also find that the 
electron mass m did not received quantum correction except for the wave function renormalization: 
m = Z^ l mR. The second and the third line of (|50p are additional finite renormalization for the 
photino mass. 

5 Counterterms 

As a first step towards the renormalization we needs to introduce counterterms. Prom the first example 
in subsection l4.lt the infinities arises in the first term of (135p 

ir A (m^ = 0) = -e 2 J (d 4 x)iad 4 e*(x 2 ,e)*(xi,e) (^^4)^^12 , (55) 
which after regularization becomes 

2 4 1 

TaK = 0) = -j J jdx[j 2 (m 2 _) + J 2 (m 2 + )] j d 4 fll ± (p,0> ± (-p,0) . (56) 



The divergent part of the above expression reads 

rf>, = 0) = -^-\ [^4 f d 4 ^ ± (p,^ ± (-^) ■ (57) 



7 ; 16tt 2 e J (4^) 4 

In the second example in subsection 14.21 we find that the divergent part take the same form as (IBTl 



ri iv (m^ = 0) = ri iv (M = 0) . (58) 
Finally, from the diagram Tb give rise to infinite terms that involve spurion superfields 9 2 and 9 2 : 



To cancel these infinities ([57]) and (|59p we have to introduce two one-loop counter terms 

AS = ASi + AS 2 • (60) 



The first term cancels the divergent part (|57p of the electron self-enegy diagram Fa and takes the 
form 



ASi = AZi J d*z ($ + $ + + $_ , (61) 
where AZ\ = Z\ — 1. The second counterterm is equal to 

AS 2 = 2 AZi J d 8 ^ (-6 2 - 6 2 + 2m^ 2 # 2 ) + ¥_ $_) . (62) 
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Addition of the this term cancels the infinite part (J59]) of diagram r^. 

The fact that loop correction generates divergencies that contains spurion superfields is not sur- 
prising. This issue has been discussed before in the literature [4,8,9]. Following Yamada [9] these 
divergencies can be removed by spurion dependent transformations 



In summary, we have shown from these examples that there is only one counterterm needed and it is 
given by 



6 Summary 

Supergraphs is a powerful, elegant and efficient tool for computations even when supersymmetry is 
softly broken. In these cases supersymmetry breaking are represented by spurions. 

In this paper we have represented supersymmetry breaking by spurion superfields, and worked out 
explicit expressions for the propagators. By using them we calculated exact expressions for the one- 
loop diagrams that contributes to electron and selectron self energies. In particular, we calculate the 
one-loop gauge superfield contribution to the two-point function from which one can extract the wave 
function renormalization for the electron and its superpartner the selectron. Our computation confirm 
that the divergent part of the wave function renormalization is independent of the soft breaking, and 
is the same for selectron and the electron. Furthermore, we found there are divergencies that involve 
spurion superfields which can be removed by Yamada spurion dependent transformations. 
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(63) 




(64) 
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A Identities 



In this appendix we give the relations which we have used to reduce the supergraph integral (|45p to 
scalar integral (|46|) . By integrating over the full double superspace, we find the following relations 



d 8 Zi2 5i2 [Ay]i 5i2 



2 I d 4 xi 2 d 4 #5 4 2 



j2 + e 2 - 2 9 2 9 2 m~ 

Ld(d - mly 



i „• act not „m u rn 



el 

°21 > 



d 8 zi2 S12 [D 2 D 2 A v ] 1 5 l2 



d 8 z 12 8 12 \D p A v ] l 5 12 



16 / d A x 12 d A e5i 2 -^5l 1 , 



2 / d 4 xi 2 d 4 #<5 4 2 



2 0' 



/3d flo^-Ti u m 



On 



m~ 



□ /□(□- mi) 



□ (□ - m|) 



<5l2 i 



y d^iatfiaCS 2 !^ Avidia 

j d % z l2 5 l2 \D 2 k v ]i5i2 
d s z 12 5 12 \p^D^ v ) l 5 12 



8 / d 4 xi 2 d 4 #5 4 2 



I □ ( □ — m~ , 



, 



(A.l) 
(A.2) 



(A.3) 
12 , (A.4) 
(A.5) 

2 / d 4 :r 12 d 4 6>5 4 2 \((iQ 2 Q 2 a m ^ m - 26~h l3 )m~ + i{6 2 + Q 2 )a m ^d m 



ZU U e 6 Gaa °^ □ m Va(a - m i) 



'12 



(A.6) 



d«z 12 5u [D^A v ]i 5 12 = 2 d 4 xi 2 d 4 ^ 5f 2 



2 2 



Pot not m u m 



0„ 



a a. 



mi 



□ / □ (□ - mi) 



+ 



171; 



□ (□ - mi) 



'12 ■ 



(A.7) 



B One Loop Scalar Integrals 

This appendix is devoted to the evaluation of the basic one loop scalar integrals, which arise in the 
main text of this paper. We compute these scalar integrals in the MS scheme: We evaluate the integrals 
in D = 4 — 2e dimensions, and we introduce the renormalization scale fi such that all D dimensional 
integrals have the same mass dimensions as their divergent four dimensional counter parts. 
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The three basic type one loop integrals are given by 



M 2, / ay 1 1 f,M 2 V»-g r(a-g) 

= ^ mn (j^i(M 2 )-M 2 i(M 2 )) , (B.9) 



aD 
dp 


-1 

1 




(p2 + M 2 ) Q 


d D p 






(p2 + M 2 ) a 


d D p 


1 1 




p2 ^2 + yp. 



for a = 2, 3, 4 . In the applications in the main text we need to expand this to the zeroth order in e 
including the pole 1/e : 



1 



1 



1 , M 2 



e /x 2 



1 1 



UM ) = 16^ -" ln — ' Ja(M ) = . (B-ll) 



1 , M 



e n 



32vr 2 M 2 



1 1 



I(M) = 16^" + 1 " ln ~' J ^ M ) = 7^2771- ( B - 12 ) 



96vr 2 M 4 



Here we have introduced the MS scale /j? = A-ne 7B /U 2 with Euler constant 7^. 
The second three integrals we encounter in this work are 

L(p2 ' M2) = / (2tt)^- 4 (q + p/2) 2 + M 2 (q — p/2f ' (R13) 

/d D g 1 11 

(2vr)^^-4 (q + p/2) 2 + M 2 (g - p/2) 2 + M 2 (q - p/2) 2 ' (R14) 

j (2 j.^2 i\,t2\ _ f d D q QmQn / R <k\ 

mn(P ' 15 2) " 7 (2vr)V^ [(g+p/2) 2 +M 2 ][(,-p/2) 2 + M 2 ][(,-p/2)] 4 (R15j 
Using Feynman parametrizations 

1 

1 f , 1 



AB J dX [xA + {l- X )Bf ' (R16) 


1 l-x 

Ale = 2 / dx / dy M + ^ + (i-x-,) g ]3 ( R17 ) 


1 1-x 

6 / d ^ r , ■ o , m n^u> (B.18) 



A 2 BC y 7 * [x4 + y£ + (1 - x - i/)C] 4 





15 



we rewrite the L(p ,M ) L(p < , M 2 , M%) and S mn (M 2 , Mj) in a more convenient form, namely 

i 



L(m z 



L(M 2 



dx 



d D q 



1 



o 



L mn (p,M' i 



1 l-x 

2 Jdx J dy 

o o 

1 l-x 

6 J dx J dy 

o o 



(2tt) d ^- 4 {q 2 + m 2 ) 2 
d D q' 



(2ir) D n D -* (g/2 + M2)3 

d D q' 
(2vr) D ^ 



D ,,D-4 



x QmQn | ^ 2 PmPn 

X (q' 2 +M 2 ) A Xy (q' 2 +M 2 ) 4 



(B.19) 



(B.20) 



. (B.21) 



where 



m 



M' 



x(l - x)p 2 + xM 2 , M 2 = y(l - y)p 2 + M^y + M%{\ - x - y) 

yM 2 + (1 - x - y)M 2 . (B.22) 



In obtaining these formula we have shifted the integration variables q = q + (x — %)p and q' = 
q — ^(1 — 2v)p . It is not difficult to confirm that these integrals can be written in terms of the simple 
integrals J2 and J3 as 



L(p , m ) 



d x J2{m 2 ) 



16vr 2 



1 M 2 p 2 + M 2 , p 2 + M 2 
- + 2 - In — =- - = In r 



A* 



M 2 



16vr 2 



1 M 2 p 2 + M 2 p 2 + M 2 
- - 7 + In 4vr + 2 - In — - £ In 



L(p 2 ,M 2 ) 



L mn (p 2 ,M ) 



1 l-x 

2 y"dx y dyJ 3 {M 2 




16vr 2 



1 l-x 



dx / dy 







M 2 



(B.23) 
(B.24) 



1 l-x 



6 / dx / dy 



; { r 4mn (X 2 ) + y 2 Pm pn J4 (X 2 ) } 





1 l-x 



1 

2^ 







X f D PmPn 



M 2 1 8M 2 



•} 



(B.25) 
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